
Description of the Bayesian Integrated Estimates 
 
The method of integrating probability and nonprobability samples within Bayesian inference for linear 
regression was used to ensure that results reflected a probability-based sample as much as possible. During 
the COVID-19 pandemic we needed to conduct a survey in two modes to capture a representative sample: 
random-digit dial (RDD) telephone and online. The Wiśniowski and Sakshaug method is designed to assist 
survey researchers who have a small probability sample (e.g. RDD) and want to increase the precision of 
estimates by integrating survey responses from a non-probability (online) sample of the same population [1,2]. 
 
We considered the method of constructing informative prior distributions for the coefficients of the linear 
regression models based on the non-probability samples as proposed by Wiśniowski and colleagues [1]. The 
method includes four specifications of the priors:  
(i) Conjugate (C), which borrows information from the non-probability sample “proportionally” to its sample 

size if the maximum likelihood (ML) coefficients from the probability and non-probability samples are 
similar. If they are not similar, the impact of the non-probability sample is reduced;  

(ii) Conjugate Distance (CD), which relates the precision of the prior to the similarity of the ML coefficients 
from probability and non-probability samples, thus, allowing for larger variability if discrepancies 
between probability and nonprobability data arise;  

(iii) Zellner (Z), which is similar to conjugate but allowing rescaling of the posterior variance for each 
predictor using information from the non-probability sample;  

(iv) Zellner Distance (ZD), which is similar to the Conjugate Distance but again uses information on the 
non-probability predictors to rescale the posterior variance. 

 
The simulation study by Wiśniowski et al. demonstrated that the Conjugate Distance (CD) specification tends 
to outperform the others [1]. It was, therefore, selected to be used in the current application. Its robustness is 
confirmed; results are presented in the Figure below. We observe that this specification typically “strikes a 
balance” between probability and non-probability coefficients both in terms of point predictions and uncertainty. 
With the exception of ZD method, the other three specifications lead to qualitatively similar results. The ZD 
method seems to assign more weight to the probability sample, leading to considerably larger uncertainty. On 
the other end of the spectrum, the Conjugate prior led to the most precise estimates.  
 
The main limitation of the method is that it relies on two implicit assumptions. First, that we have sufficient 
response variability in the (small size) probability sample; second, that the estimates based on the non-
probability sample are more precise than those based on the small probability sample. As reported in the 
manuscript, the attitude to “taking precautions” lacked this variability as the vast majority of the respondents 
agreed with it. Within the probability sample, variability of responses to this question was not found with all 77 
telephone respondents indicating it was important to take precautions. This precluded using the Bayesian 
approach to model this response. However, both assumptions are satisfied in the samples on responses 
regarding civil unrest and overblown threat of the pandemic. This allows combining information from both small 
probability and non-probability samples and the results remain reliable. 
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